Introduction
============

Opioid dependence is a chronic relapsing disorder with a high mortality rate[@b1-sar-6-001]--[@b5-sar-6-001] and a high rate of psychiatric and somatic comorbidities. Opioid-use disorders are defined by a problematic pattern of substance use that leads to clinically significant impairment in different areas. According to the International Classification of Diseases tenth revision and the *Diagnostic and Statistical Manual of Mental Disorders* (DSM)-IV, opioid dependence is a chronic medical disorder defined by a cluster of somatic, psychological, and behavioral symptoms. Both classification systems list eleven symptoms for opioid-use disorders. The recent DSM-5 has given up the long-standing categorical distinction between abuse (or harmful use) and dependence, and adopted a dimensional approach:[@b6-sar-6-001],[@b7-sar-6-001] it specifies eleven symptoms, whereby the presence of two to three symptoms indicates a mild disorder, four to five a moderate, and six or more a severe disorder.

The nonmedical use of opioids, including heroin, represents a significant public health problem. Epidemiological studies indicate that the worldwide prevalence of opioid-use disorders is about 0.4% in individuals aged 15--64 years and that there are 15.5 million opioid-dependent people worldwide,[@b8-sar-6-001]--[@b10-sar-6-001] with higher prevalence rates in males and a peak at 25--29 years of age. In Europe, the average prevalence of problematic opioid use is estimated to be 3.6--4.4 cases per 1,000 population aged 15--64 years,[@b11-sar-6-001] corresponding to approximately 1.3 million affected individuals. Recent epidemiological data suggest that prevalence rates for opioid consumption have declined in recent years, at least in Europe, and that there is a shift away from heroin use toward abuse of other opioids, including methadone, buprenorphine (BUP), oxycodone, and fentanyl.[@b12-sar-6-001]

In the US, the 12-month prevalence of drug abuse in general (including opioid use) -- with and without dependence -- is estimated at 5.7%,[@b13-sar-6-001] and current use (past month) at 8.9%.[@b14-sar-6-001] Some 3.7 million individuals have used heroin at least once in their lives, and 750,000--1,000,000 individuals are currently heroin-dependent.[@b15-sar-6-001] The World Health Organization (WHO) estimates that the burden of harm from opioid use is 11.2 million disability-adjusted life-years,[@b16-sar-6-001] and the recent Global Burden of Disease Study estimates that it is 9.2 million disability-adjusted life-years.[@b10-sar-6-001],[@b17-sar-6-001] In addition, in the US in particular, there is an epidemic of opioid prescription-drug use, and multiple deaths are associated with an overdose of opioid painkillers, including many accidental poisonings in children.[@b18-sar-6-001],[@b19-sar-6-001]

Psychotherapy is effective for opioid dependence, but overall abstinence rates remain low.[@b20-sar-6-001] Opioid-agonist therapy is an established medication and effective not only in reducing opioid consumption and improving psychosocial functioning in opioid addicts[@b21-sar-6-001] but also in improving psychiatric and somatic health and well-being.[@b21-sar-6-001] A number of full and partial opioid agonists, including methadone, and such antagonists as naltrexone are now used in the treatment of opioid dependence (see [Table 1](#t1-sar-6-001){ref-type="table"}). BUP, a partial μ-opioid receptor agonist and κ-antagonist, is one of the most commonly prescribed substances, either alone or in combination with naloxone (NLX). This review describes major pharmacological and clinical aspects of BUP, and thereby focuses in particular on efficacy, safety, and psychiatric comorbidity. Novel depot or sustained-release formulations of BUP are not part of this review (for more information on these formulations, see review by Nasser et al[@b22-sar-6-001]).

Buprenorphine in opioid maintenance treatment: overview
=======================================================

BUP and the BUP/NLX combination are established first-line medications for the treatment of opioid dependence (see American Psychiatric Association \[APA\] guidelines,[@b15-sar-6-001] World Federation of Societies of Biological Psychiatry \[WFSBP\] guidelines,[@b23-sar-6-001] New South Wales clinical guidelines,[@b24-sar-6-001] British Association for Psychopharmacology guidelines,[@b25-sar-6-001] and WHO guidelines[@b26-sar-6-001]); for reviews, see Mammen and Bell,[@b27-sar-6-001] Orman and Keating,[@b28-sar-6-001] and Yokell et al.[@b29-sar-6-001] In the US, BUP was approved by the Food and Drug Administration (FDA) in October 2002 for the treatment of addiction.

Pharmacology
------------

BUP has a long half-life of 24--60 hours, and is administered sublingually in opioid-replacement therapy.[@b30-sar-6-001] Bioavailability by the sublingual route was estimated as 51.4%; the terminal elimination half-lives are longer for the sublingual routes than for the intravenous route.[@b31-sar-6-001] Enterohepatic recirculation of BUP is important, and there is large intersubject and intrasubject variability in plasma concentrations.[@b32-sar-6-001] Because of extensive first-pass liver metabolism, bioavailability is low after oral administration. Dosages of 4--16 (up to 24--32) mg/day are usually given for opioid maintenance therapy. Opioid-receptor positron emission tomography data indicate that withdrawal suppression appears to require 50% or more μ-opioid-receptor availability associated with BUP trough plasma concentrations of at least 1 ng/mL or more, which in many patients is equivalent to single BUP doses of 4 mg. Blockade of the reinforcing and subjective effects of typical doses of abused drugs requires less than 20% μ-opioid-receptor availability, corresponding to a clinical dose of 16 mg or more.[@b33-sar-6-001]

At present, two tablet forms of BUP are available: one containing only BUP and one that combines BUP with the opioid antagonist NLX in a 4:1 ratio. The novel BUP film tablet is only available in the US and Australia to date. NLX is used as an intravenous medication for the treatment of opioid intoxication, and has very poor oral but good parenteral bioavailability,[@b34-sar-6-001],[@b35-sar-6-001] with an elimination half-life in plasma of about 30 minutes to a maximum of 60 minutes.[@b34-sar-6-001],[@b36-sar-6-001],[@b37-sar-6-001] The bioavailability of NLX after sublingual administration is too low to cause severe and protracted withdrawal symptoms.[@b37-sar-6-001],[@b38-sar-6-001] NLX does not alter the bioavailability of BUP 16 mg tablets.[@b39-sar-6-001] When a sublingual dose of BUP/NLX is administered intravenously, however, all opioid addicts experience an immediate opioid-withdrawal syndrome.[@b40-sar-6-001]--[@b42-sar-6-001] This effect is thought to reduce the abuse potential of BUP and improve its safety. Hardly any studies in animal models have examined the rewarding or aversive effects of the BUP/NLX combination.[@b43-sar-6-001] Corresponding to previous findings,[@b44-sar-6-001] recent experimental data on the abuse potential of intranasal BUP compared to the BUP/NLX combination in BUP-maintained heroin users strongly indicate a reduced abuse potential of the combination drug.[@b45-sar-6-001]

As a partial agonist at the opioid receptor, BUP has a ceiling effect at higher concentrations.[@b30-sar-6-001] This suggests that when BUP metabolism is inhibited, higher concentrations do not produce typical opioid toxicity effects, such as respiratory depression, and when BUP metabolism is induced, its high affinity for the μ-opioid receptors may allow it to stay on the receptor despite falling plasma concentrations.

Induction of BUP treatment
--------------------------

Induction of BUP and BUP/NLX in heroin-dependent patients has been found to be safe,[@b46-sar-6-001] and higher induction doses of BUP have been shown to significantly decrease relapse rates.[@b47-sar-6-001] BUP may be even safer than methadone in the induction phase. Bell et al[@b48-sar-6-001] performed a large data-linkage study and measured mortality in people after initial entry to methadone (n=2,643) and BUP (n=3,349). During induction, the risk of death was lower for BUP. Risk of death was lowest during treatment and significantly higher in the first 12 months after discontinuing either study drug. Twelve months after leaving treatment, risk of death was nonsignificantly higher than during treatment. Additional data gathered over a 9-month period in 13,178 patients on methadone and 2,716 on BUP treatment indicated that BUP had a lower overdose risk than methadone: 60 sudden deaths were positive for methadone (32 in treatment), while seven were positive for BUP (none in treatment).[@b49-sar-6-001] The induction phase is important in BUP/NLX treatment, and consumption of opioids, cocaine, and benzodiazepines during the first 4 weeks is predictive for further outcome.[@b50-sar-6-001]

Guidelines from the APA,[@b15-sar-6-001] British Association for Psychopharmacology,[@b25-sar-6-001] WFSBP,[@b23-sar-6-001] and others state that BUP is a first-line medication in the treatment of opioid dependence and that the combination tablet significantly reduces the risk of diversion. The BUP/NLX combination may reduce intravenous misuse, but it does not eliminate it (see later).[@b27-sar-6-001]

Clinical efficacy
-----------------

BUP effectively suppresses opioid withdrawal. Reduction of opioid use represents the basic outcome criterion in clinical studies of pharmacotherapies in opioid dependence. Other important aspects are the retention rate associated with the use of pharmacotherapies and safety aspects, including risk of diversion.

Previous clinical studies that have compared methadone, primarily in moderate dosages (50--60 mg), with BUP (12--16 mg) have generally demonstrated comparable efficacy of the two drugs.[@b51-sar-6-001]--[@b56-sar-6-001] For more detailed background information on the use of BUP in opioid dependence, see Soyka et al.[@b23-sar-6-001]

An important study on treatment retention in patients randomized to BUP/NLX or methadone was recently published by Hser et al.[@b57-sar-6-001] The secondary analysis included 1,267 patients randomized to receive open-label BUP or methadone for 24 weeks. Treatment completion was significantly higher for methadone (74%) than for BUP (46%). For BUP, the completion rate increased linearly with higher doses, reaching 60% at doses of 30--32 mg/day. Of those remaining in treatment, positive opioid urine results were significantly lower among BUP participants than methadone participants during the first 9 weeks of treatment. Higher medication dose was associated with lower opiate use, more so among BUP patients.

Liebschutz et al[@b58-sar-6-001] reported results of a randomized clinical trial that included 145 hospitalized opioid-dependent patients who were randomized to either a 5-day BUP detoxification protocol or a linkage program of BUP induction, intrahospital dose stabilization, and postdischarge transition to maintenance BUP treatment and followed up for 6 months. The linkage program was more effective than the inpatient-detoxification protocol.

The recent Cochrane analysis on BUP maintenance for opioid dependence included 31 trials with 5,430 participants.[@b59-sar-6-001] The group concluded that a high quality of evidence shows that BUP is superior to placebo medication in retention of participants in treatment at all doses examined (2--6 mg, 7--15 mg, and \>16 mg). However, there was moderate-quality evidence that only high-dose BUP (\>16 mg) was more effective than placebo in suppressing illicit opioid use measured by urine analysis. There also was high-quality evidence that BUP in flexible doses adjusted to participant needs was less effective than methadone in retaining participants. For those retained in treatment, no difference was observed in suppression of opioid use. Consistent with the results in the flexible-dose studies, in low fixed-dose studies methadone (\<40 mg) was more likely to retain participants. However, contrasting results were found at medium and high doses: medium-dose BUP (7--15 mg) did not differ from medium-dose methadone (40--85 mg) in the retention or suppression of illicit opioid use. Similarly, high-dose BUP (\>16 mg) did not differ from high-dose methadone (\>85 mg) in retention or heroin use. Only two studies have compared adverse events, and the only finding was more sedation with methadone. BUP is probably less sedative than methadone, although the "clarity" or "clearheadedness" postulated with BUP use is difficult to demonstrate, both clinically and experimentally. The Cochrane analysis does not give much further evidence on this issue. Numerous other studies indicate that higher retention rates are associated with better treatment outcomes in patients in BUP and methadone treatment, eg, Hser et al[@b57-sar-6-001] and Gerra et al.[@b60-sar-6-001] For BUP, psychosocial functioning and addiction severity was found not to be associated with treatment outcome.[@b60-sar-6-001] Overall, the issue of retention rates remains controversial.

Recent naturalistic data from a large study comparing the effects of methadone and BUP (both formulations) also found a higher retention rate among methadone patients than patients on BUP or BUP/NLX.[@b61-sar-6-001] With respect to the two BUP formulations, patients in the BUP/NLX group showed a significantly longer average retention than the BUP group. The rates of illicit drug use at 6 months were similar across medication groups.

One possible advantage of BUP is the somewhat easier dose tapering compared to methadone. Although it is difficult to demonstrate the effectiveness of methadone or BUP on the basis of patient profiles, the APA has recommended BUP above other agents for nonsevere physical dependency.[@b15-sar-6-001] However, the evidence basis for this is weak.[@b23-sar-6-001] All in all, the drug is a well-established first-line medication for opioid maintenance therapy.

Cognitive function and driving ability in BUP-maintained patients
-----------------------------------------------------------------

In everyday clinical practice, effects on cognitive functions are also of significance. A number of neuropsychological studies, a few of which were prospective and used a randomized control group, have used standardized test batteries to measure domains relevant for psychomotor functioning and driving ability.[@b19-sar-6-001],[@b62-sar-6-001],[@b63-sar-6-001] Single doses of BUP have been shown to induce some impairment in healthy volunteers, but less than that found in chronic users. Some nonrandomized studies indicate somewhat better cognitive performance with BUP than methadone, but this finding has not been confirmed in randomized controlled trials.[@b19-sar-6-001] Most abstinent opiate-dependent patients have only mild cognitive impairment or none at all.[@b64-sar-6-001] Most patients can be judged as fit to drive during maintenance treatment if they are on stable substitution and have no parallel consumption or relevant physical or mental disorders. Most studies indicate at the most only mild-to-moderate cognitive dysfunction in patients treated with BUP under steady-state conditions who have no other concomitant disorders or substance use.[@b19-sar-6-001],[@b63-sar-6-001]

Safety profile of BUP
=====================

BUP has a rather favorable safety profile[@b65-sar-6-001] and a relatively low risk for respiratory depression.[@b66-sar-6-001] Fatal intoxications are almost always attributable to mixed intoxication with other opioids, benzodiazepines, or alcohol (see later).[@b67-sar-6-001] BUP side effects are seen in the typical opioid spectrum, and occasionally result in mildly elevated liver enzymes. The possible liver toxicity of BUP, which was raised by some clinical reports of liver injury in patients with hepatitis, has been studied in some detail in recent years. In a retrospective study, Petry et al[@b68-sar-6-001] found that patients diagnosed with hepatitis B or C had significantly increased transaminase levels, while patients without hepatitis did not. Hepatotoxic effects of BUP have been reported in overdose[@b69-sar-6-001] or intravenous misuse in patients with hepatitis infection.[@b70-sar-6-001] Some other case reports describe patients with hepatitis C who developed acute hepatitis while misusing their BUP medication intravenously.[@b71-sar-6-001]--[@b73-sar-6-001] Hervé et al[@b74-sar-6-001] reported on seven cases of acute cytolytic hepatitis due to BUP. Bruce and Altice[@b75-sar-6-001] presented a case series of four individuals with acute hepatitis C infection and abnormal liver transaminases. Patients tolerated BUP treatment well, and their transaminases improved during BUP treatment. Berson et al[@b73-sar-6-001],[@b76-sar-6-001] proposed a disruption of mitochondrial respiration via proton donation as a possible explanation for the hepatotoxicity of BUP. The issue of possible liver damage by BUP was more systematically studied in a sample of adolescents receiving BUP.[@b77-sar-6-001] This exploratory study found no evidence for hepatotoxicity of BUP. As part of the submission packet for FDA approval of BUP products, Saxon et al[@b78-sar-6-001] conducted a randomized, controlled, 32-week study of opioid-dependent, treatment-seeking patients. A total of 731 participants were randomized to either BUP or methadone. Changes in transaminase levels did not differ by medication, and as expected, baseline infection with hepatitis C or B was the only significant predictor for elevation of transaminase levels. Vergara-Rodriguez et al[@b79-sar-6-001] performed an important study on the effects of BUP/NLX on hepatic status in 303 human immunodeficiency virus (HIV)-infected opioid-dependent patients initiating BUP/NLX treatment. BUP/NLX did not produce measurable hepatic toxicity or pharmacodynamic interaction with atazanavir. McNicholas et al[@b80-sar-6-001] reported data on liver status and enzymes from the National Institute on Drug Abuse-sponsored MOTHER study, a double-blind, double-dummy, flexible-dosing study in 175 pregnant women that compared the effects of methadone and BUP on neonatal outcome. Neither treatment appeared to have adverse hepatic effects. Recently, Lucas et al[@b81-sar-6-001] compared liver enzymes during short-term (18 days) and long-term (52 weeks) treatment with BUP/NLX in a large sample of patients (n=1,036). Again, hepatitis C seroconversion was associated with increased liver values. The risk of hepatotoxicity was similar in opioid injectors receiving brief and those receiving prolonged BUP/NLX treatment. Finally, recent data from a Phase IV safety study also provided evidence of a low risk of hepatotoxicity in BUP/NLX-maintained patients.[@b82-sar-6-001]

A relative advantage of BUP with regard to cardiac side effects might be that it causes practically no clinically relevant QT prolongation or torsade des pointes, unlike methadone, and subsequently might be used preferentially in patients with cardiac risk factors or QT elongation in their electrocardiogram.[@b83-sar-6-001],[@b84-sar-6-001] Wedam et al[@b85-sar-6-001] performed a randomized double-blind clinical trial in 165 patients, and found BUP to be associated with less QTc prolongation than levomethadyl or methadone.

There is broad consensus that the relative advantage of BUP in the substitution treatment of opioid dependency lies in its relative safety and above all in the low risk of lethal overdoses, especially compared with methadone.[@b23-sar-6-001] There are very few absolute contraindications.[@b86-sar-6-001] Hardly any cases of respiratory depression have been reported with BUP.[@b66-sar-6-001] Previous studies, in particular toxicology studies from France, indicate a very low risk of BUP-associated deaths, especially compared to methadone.[@b87-sar-6-001],[@b88-sar-6-001] These findings are supported by a large naturalistic 6-year follow-up study from Germany.[@b89-sar-6-001] To date, only one randomized clinical trial has not found a lower risk of death with BUP than with methadone.[@b90-sar-6-001]

Risk of fatal poisoning/mortality
---------------------------------

A comprehensive review on 58 prospective studies reporting mortality rates from opioid-dependent samples[@b91-sar-6-001] revealed all-cause mortality rates of 2.09 per 100 person-years, but confirmed that overall maintenance treatment significantly reduces mortality rates compared to untreated heroin dependence. Most patients died from overdose, and risk was higher in male patients and out-of-treatment periods.

The general consensus is that overdoses caused by BUP alone are rare.[@b49-sar-6-001],[@b87-sar-6-001],[@b92-sar-6-001] In an epidemiological review, Okie[@b93-sar-6-001] concluded that deaths from unintentional drug overdoses in the US have risen sharply since the early 1990s and are the second-leading cause of accidental death (27,658 in 2007). The increase has been propelled by a rising number of overdoses of prescription opioids, which caused more deaths than heroin and cocaine combined in 2007 alone. Other data show that most of the drug-related unintentional deaths in the US are related to methadone (31%), hydrocodone (19%), alprazolam (15%), and oxycodone (15%).[@b94-sar-6-001]

Few corresponding data are available from European studies. One study found that the numbers of drug-related deaths due to methadone poisoning in Nordic countries has increased from 1991 to 2007,[@b95-sar-6-001] as did the number of intoxications. BUP was the most frequent cause of death among drug-dependent subjects in Finland (25% of all intoxications in 2007), while methadone was the most frequent cause of death in Denmark (51%). Multidrug use was very common in drug-related deaths.

A German naturalistic follow-up study (n=2,694) on 1-year outcome in opioid-dependent maintenance patients found an overall mortality rate of 1.04% for methadone- and BUP-treated patients.[@b96-sar-6-001] The study was a nationally representative prospective longitudinal naturalistic study program with three waves (baseline, 1 year, 5--7 years), and was based on a nationwide representative sample of physicians and their opioid-dependent patients.[@b97-sar-6-001] During the 6-year follow-up phase, 131 patients had died. Mortality rates were 1.2% (28 of 2,284) after 1 year and 5.7% (131 of 2,284) after 6 years, and mean crude annual mortality rates were 1.0 and 1.2 per 100 patient-years, respectively. Mortality rates did not differ between men and women.[@b89-sar-6-001] The most common causes of death were somatic disorders, drug overdose, and suicide. Fatal overdose of substitution drugs was almost never the sole reason (1.5%), and interactions of the substitution drug with other concomitant drugs were relatively rare as well (6.1%). In this study, BUP patients had a significantly lower mortality risk (odds ratio 0.27, *P*=0.005) than methadone patients. At the time of death, 55.7% patients were no longer in maintenance treatment. Consistent with previous studies,[@b3-sar-6-001] discontinuation for any reason and being out of treatment were the major predictors for death. This study confirmed such predictors as unemployment, higher age, length of opioid use, and comorbid mental or somatic disorders known from previous studies that addressed shorter follow-up periods.[@b48-sar-6-001],[@b91-sar-6-001] The substantially lower rate of premature mortality among BUP-treated patients at the 6-year follow-up was remarkable;[@b89-sar-6-001] BUP was found to be a significant predictor for survival. These data are consistent with other data from forensic autopsy studies that indicate a low mortality risk with BUP.[@b88-sar-6-001] Bell et al[@b48-sar-6-001] reported that BUP may be safer in the induction phase. Degenhardt et al[@b91-sar-6-001] estimated the overall reduction in mortality produced by substitution programs to be 29%.

Pharmacokinetic and pharmacodynamic drug interactions with BUP
==============================================================

Drug interactions with BUP can occur either through altered pharmacokinetics or as a result of pharmacodynamic interactions.[@b98-sar-6-001]--[@b101-sar-6-001] Pharmacokinetic interactions can involve the inhibition or induction of hepatic cytochrome P450 (CYP) enzymes and effects on glucuronidation, the function of the drug transporter P-glycoprotein, and drug absorption.[@b98-sar-6-001] Other mechanisms, such as changes in the permeability of the blood--brain barrier, often are hypothetical. Pharmacodynamic interactions include additive effects of two drugs with similar actions, which in the case of BUP means other central nervous system depressants, such as alcohol or other opioid or psychotropic drugs.

There is general consensus that BUP has fewer possible drug actions than methadone, for both pharmacokinetic and pharmacodynamic reasons.[@b100-sar-6-001] After sublingual absorption, BUP is primarily converted and *N*-dealkylated to norbuprenorphine, an active metabolite, via CYP3A4 and to a lesser extent by CYP2C8.[@b102-sar-6-001]--[@b104-sar-6-001] BUP and norbuprenorphine are further metabolized by uracil diphosphatase glucuronosyltransferases (UGTs), primarily by UGT 1A3 and to a lesser extent by 2B6 and 1A1.[@b101-sar-6-001],[@b105-sar-6-001],[@b106-sar-6-001] BUP is not a major inducer or inhibitor of P450 enzymes, but it may compete with other drugs metabolized by these same pathways. BUP is a weak inhibitor of CYP3A4, but this effect does not occur with plasma concentrations achieved at clinically relevant doses.[@b107-sar-6-001],[@b108-sar-6-001] Hydroxylated metabolites of BUP have been identified in vitro and in urine, and their concentrations can be altered by metabolic inhibitors and inducers.[@b104-sar-6-001],[@b109-sar-6-001],[@b110-sar-6-001]

Pharmacokinetic interactions
----------------------------

Pharmacokinetic interactions are more complex than pharmacodynamic interactions. There are many possible interactions, but few are clinically meaningful. Most drugs are metabolized in the liver. Of the 40 CYP enzymes in the human body, only six account for 90% of human drug metabolism: CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4. CYP3A4 alone metabolizes about 50% of drugs. Drug--drug interactions with BUP may result in changes in the rate of metabolism of either or both drugs and may subsequently affect plasma drug interactions, among others.[@b98-sar-6-001],[@b111-sar-6-001]

CYP3A4 inhibitors may increase plasma BUP concentrations, but the partial agonist effect of BUP may decrease the possibility of overdose and opioid toxicity. Nevertheless, monitoring for side effects, such as sedation or complications (liver toxicity), is recommended and indicated when inhibitors of BUP metabolism are given concomitantly.[@b98-sar-6-001],[@b111-sar-6-001]

On the other hand, CYP3A4 inducers may promote enhanced BUP metabolism and subsequently decrease plasma BUP concentrations. Clinically, this may lead to opioid withdrawal, although the ceiling effect and half-life of BUP at the opioid receptor makes this unlikely.[@b98-sar-6-001],[@b111-sar-6-001] In addition, the metabolite norbuprenorphine may be pharmacologically active.[@b112-sar-6-001] An inhibitory effect of BUP and norbuprenorphine at the CYP2D6 system has been shown in vitro, but is not relevant in humans.[@b107-sar-6-001],[@b108-sar-6-001],[@b113-sar-6-001]

Moody et al[@b114-sar-6-001] pointed out the role of sex differences in the pharmacokinetics of BUP. Women had higher areas under the curve and maximum plasma concentrations for BUP and its metabolites. When corrected for body weight, higher concentrations were only significant for norbuprenorphine. Special conditions, such as pregnancy,[@b99-sar-6-001] may be associated also with physiological changes and altered drug metabolism. However, this issue is not part of this review. The interested reader is referred to the publications by Gruber and McCance-Katz[@b100-sar-6-001] and McCance-Katz,[@b98-sar-6-001],[@b99-sar-6-001] for example.

Some specific interactions should be mentioned. Although BUP does not act via the serotonergic system, rare cases of serotonin syndrome have been reported in patients who were also on several antidepressants.[@b115-sar-6-001] While interactions with anticonvulsants have not been reported,[@b98-sar-6-001] there are some interactions with antiviral and HIV medications.[@b100-sar-6-001] Clinically nonsignificant QTc prolongation has been reported for the CYP3A4 inhibitors delavirdine and ritonavir, but not efavirenz or nelfinavir.[@b98-sar-6-001] Pharmacokinetic and pharmacodynamic interactions of BUP were ruled out for the reverse-transcriptase inhibitors didanosine, lamivudine, tenofovir,[@b116-sar-6-001] and nevirapine.[@b117-sar-6-001] Lopinavir/ritonavir does not affect BUP pharmacokinetics but increases clearance of BUP.[@b118-sar-6-001] While tipranavir/ritonavir does not change BUP levels, decreased plasma levels of the antiviral medication were found.[@b119-sar-6-001] Interactions between BUP and the protease inhibitors darunavir--ritonavir and fosamprenavir--ritonavir were not detected in a study by Gruber et al.[@b120-sar-6-001] Significant interactions were ruled out for raltegravir in stabilized patients receiving BUP/NLX.[@b121-sar-6-001] Telaprevir does not interact with BUP metabolism or induce opioid-withdrawal symptoms.[@b122-sar-6-001] Tramadol interacts via CYP2D6 with methadone but not BUP.[@b123-sar-6-001] Rifampin is a potent inducer of BUP metabolism, and may produce opioid withdrawal.[@b124-sar-6-001] In general, drugs that may prolong the QT interval should be used with caution and the patient should be carefully monitored.

Respiratory depression in BUP use has been linked to P-glycoprotein, a drug transporter that plays a key protective role in this respect. In contrast to BUP, the metabolite norbuprenorphine was shown in vitro to be a substrate of human P-glycoprotein.[@b125-sar-6-001] Drug--drug interactions that lead to P-glycoprotein inhibition may therefore be relevant for BUP-associated fatalities.

Pharmacodynamic interactions
----------------------------

Pharmacodynamic interactions are likely with other central nervous system depressants, such as alcohol and benzodiazepines.[@b126-sar-6-001] Interactions with benzodiazepines have been frequently reported,[@b92-sar-6-001],[@b127-sar-6-001]--[@b129-sar-6-001] although the precise mechanism of increased toxicity is not clear. High-dose diazepam coadministered with BUP was associated with increases in subjective drug effects and decreases in psychological performance.[@b130-sar-6-001] In an animal model, the combination of BUP and diazepam affected respiratory function.[@b131-sar-6-001] BUP may also alter desmethylflunitrazepam disposition and flunitrazepam toxicity.[@b132-sar-6-001] Benzodiazepines, such as clorazepate, may also modify the cell surface of μ-opioid receptors, which may explain the preference of patients for the BUP--benzodiazepine combination.[@b133-sar-6-001] In vitro studies did not show an inhibition of BUP metabolism in the presence of benzodiazepines.[@b134-sar-6-001] Clinically, active benzodiazepine (and alcohol) use is an established risk factor for relapse in BUP maintenance.[@b135-sar-6-001]

In the animal model, respiratory effects did not differ between BUP with and without NLX, while in combination with diazepam, BUP increased respiratory depression more than the combination with NLX.[@b131-sar-6-001]

Deaths related to BUP intake nearly exclusively occur in combination with other psychotropic agents or drugs, and fatal monointoxications are rare (see later). Therefore, caution is warranted when psychopharmacotherapy is given to opioid-dependent patients.

Pharmacogenomics
----------------

Recently, genetic variations in the opioid-receptor gene were associated with outcome in BUP treatment,[@b136-sar-6-001],[@b137-sar-6-001] but these findings require further replication.

Recent developments: BUP film tablet
====================================

A BUP/NLX film was developed to address safety issues, improve retention in treatment and bioavailability, and reduce the risk of diversion. Few studies have been published on the efficacy of the novel film tablet, which is currently available only in the US and Australia.[@b19-sar-6-001] Strain et al[@b138-sar-6-001] studied the feasibility of induction with a BUP/NLX soluble film in a clinical setting, and performed a randomized study comparing the ability of BUP and BUP/NLX films to suppress spontaneous withdrawal in 34 opioid-dependent volunteers. The authors concluded that BUP and BUP/NLX film tablets are safe and effective delivery methods for opioid induction.

Lintzeris et al[@b139-sar-6-001] performed a double-blind, double-dummy, randomized, parallel-group study to compare sublingual BUP/NLX tablets and film with regard to subjective dose effects and equivalence, trough plasma levels, adverse events, patient satisfaction, supervised dosing time, and impact upon treatment outcomes (substance use, psychosocial function) over a 31-day period (n=92). No significant differences were observed between film and tablets on subjective dose effects, trough plasma BUP, norbuprenorphine levels, adverse events, or treatment outcomes. The BUP/NLX film took significantly less time to dissolve than the tablets. Patient preference appeared to be higher for the film (61%) than for the tablets (23%).

As quoted in Soyka,[@b140-sar-6-001] an unpublished 12-week, open-label safety and tolerability study of BUP/NLX film in 194 patients transferred to BUP/NLX film from the tablet (same initial dosage) indicated an overall good tolerability, with 28% treatment-emergent adverse events, mostly mild in intensity. The most common treatment-emergent adverse event related to the film was oral hypoesthesia (1%).

The risk of diversion and injection of the novel BUP/NLX film was studied in Australia.[@b141-sar-6-001] Surveys were conducted with people who inject drugs regularly and opioid-substitution clients (n=543). Among the out-of-treatment patients, levels of injection for BUP/NLX film were comparable with those for methadone and BUP tablet formulations. Among patients in maintenance treatment, rates of recent injecting of medication were similar for all maintenance drugs. Weekly or more frequent injection of prescribed doses was reported by fewer BUP/NLX film patients (3%) than BUP tablet clients (11%), but at levels similar to methadone and BUP/NLX tablets. These data question a significant benefit from the use of the novel film compared to conventional BUP/NLX formulations.

The risk of unintentional poisoning in children has been addressed in only a few studies. This issue was studied by collecting and examining data from US addiction-related surveillance-system poison centers. Lavonas et al[@b18-sar-6-001] reviewed 2,380 cases of unintentional exposures to BUP-containing products among children less than 6 years old, including four deaths (2009--2012). Exposures to BUP/NLX film were significantly less frequent than exposure to BUP tablets (rate ratio 3.5) and BUP/NLX tablets (rate ratio 8.8). These findings correspond with data from a study by the Utah Poison Control Center.[@b142-sar-6-001]

Whether the novel film tablet can increase retention rate with BUP/NLX treatment is a crucial question that has yet to be addressed in head-to-head comparisons with the conventional formulation.

Psychotherapy in BUP-maintained patients
========================================

The issue of psychotherapy during opioid maintenance therapy is rather controversial. Additional psychosocial therapy in opioid maintenance therapy is mandatory in many countries. For patients in methadone maintenance, a Cochrane analysis did not show any clear evidence for beneficial effects of psychosocial therapy.[@b143-sar-6-001] Some studies indicate that contingency management is effective in this population.[@b144-sar-6-001] For BUP maintenance, Ling et al[@b145-sar-6-001] conducted a randomized study comparing four different behavioral treatment conditions in BUP-maintained patients. Neither cognitive behavioral therapy nor contingency management clearly reduced opioid use when added to BUP and medical management. Similar results were obtained by Fiellin et al.[@b146-sar-6-001] In this study, among patients receiving BUP/NLX in primary care, the addition of cognitive behavioral therapy did not give extra benefit compared to standard physician management alone. It is probably fair to say that psychosocial therapy in opioid maintenance therapy is important to increase compliance and address the patients' needs, but no gold standard exists for BUP treatment.

BUP in comorbid psychiatric patients
====================================

Overall, mental disorders are common in opiate-dependent people. Their prevalence has been more frequently studied in patients under methadone substitution than in patients receiving BUP/NLX treatment. The studies have shown that the prevalence of depressive syndromes in patients under methadone substitution, especially in those with comorbid cocaine dependence, is at least 25%--35%.[@b147-sar-6-001]--[@b153-sar-6-001] With regard to BUP-substituted patients, Savant et al[@b151-sar-6-001] studied the frequency of affective and substance-induced disorders in 237 consecutively recruited patients under BUP/NLX treatment; 19% of the patients showed symptoms of a current major depression, and 24% of the patients reported a history of major depression. Less common were dysthymia (6%) and previous mania (1%) or hypomania (2%). Furthermore, the rate of additional dependence disorders was relatively high (16%). Clinically, data from a large German naturalistic 6-year follow-up study of patients in opioid maintenance therapy also indicated a prevalence of depressive disorders of about 42%.[@b67-sar-6-001]

Depressive disorders in opiate-dependent patients often are associated with a higher suicide rate, worse physical health, reduced quality of life, and other symptoms.[@b154-sar-6-001]--[@b157-sar-6-001] In addition, the prognosis for opiate-dependent patients with comorbid mental illness is worse than for patients without such a comorbid illness.[@b147-sar-6-001],[@b158-sar-6-001] While depressive disorders otherwise occur mainly in women, this is not the case with opiate dependence.[@b147-sar-6-001],[@b150-sar-6-001]

Longitudinal studies have shown that depressive disorders often subside within the first weeks of abstinence treatment.[@b150-sar-6-001],[@b159-sar-6-001]--[@b161-sar-6-001] Consequently, clinical guidelines recommend waiting for at least 1 week after starting opioid-substitution treatment before treating a depression.[@b149-sar-6-001],[@b152-sar-6-001],[@b161-sar-6-001],[@b162-sar-6-001] A number of studies have shown that particularly tricyclic antidepressants are effective in treating depressive symptoms in opiate-dependent patients on substitution therapy, whereby doxepin is slightly more effective than imipramine.[@b23-sar-6-001]

BUP has been evaluated as a possible antidepressant, both in patients with affective disorder and in opiate-dependent patients. A possible pharmacological explanation for an antidepressive effect of BUP is that the substance is not only an opioid agonist at the μ-opioid receptor but also a partial agonist and effective antagonist at the κ-opioid receptor. The κ-receptor and its ligand dynorphin appear to play a role in the development of dependence disorders,[@b163-sar-6-001] as well as in the development of depressive disorders. Kappa antagonists have antidepressive and anxiolytic effects. Various studies have shown that activation of dynorphin is probably associated with depression and anxiety or with negative emotional states.[@b163-sar-6-001] In the rat model administration of κ-opioid-receptor agonists can induce depressive conditions.[@b164-sar-6-001] The combination of opioid μ-agonistic and κ-antagonistic substances results in less dysphoria than methadone.[@b165-sar-6-001]

Bodkin et al[@b166-sar-6-001] evaluated in an open study the efficacy of BUP (0.3--1.8 mg/day) in treatment-resistance unipolar, nonpsychotic major depression. Three of the patients discontinued treatment because of side effects, but after 4--6 weeks the remaining seven patients showed marked improvements in their depressive syndromes.

Another study found also that BUP is effective in treating depressive illness.[@b167-sar-6-001] This placebo-controlled, double-blind study investigated ten patients with major depression, and found a pronounced response to BUP in approximately half the patients.

The results of a randomized study in 164 opioid- and cocaine-dependent patients treated with either methadone or BUP and given desipramine found that depressive syndromes were more common in the BUP group at baseline, but not in the further course of the study. Interestingly, in this study desipramine was not more effective than placebo, and in particular the combination with BUP did not appear to have a favorable effect on opiate consumption. The authors discussed whether the "antidepressive" effect of BUP was attributable to differences in the baseline scores for depressive disorders rather than reflecting a therapeutic effect.

Of interest in this context is a retrospective study by Gerra et al[@b168-sar-6-001] that evaluated the effects of BUP in dual-diagnosis patients (n=206). The patients had major depression (29.6%), generalized anxiety disorder (11.2%), personality disorder (22%), schizophrenia (6%), or a dependence disorder without other mental illnesses (31%). The main finding of this study was the relevance of depressive disorders: depressed heroin-dependent patients had a better retention rate and more negative drug urine tests than other so-called dual-diagnosis patients or heroin-dependent patients without psychiatric comorbidity. In an earlier study, Gerra et al had already shown positive treatment results in depressed opiate-dependent patients compared with nondepressed opiate-dependent patients.[@b60-sar-6-001]

Psychotic illnesses are significantly less common in opiate-dependent people under substitution treatment than depression and affective disorders, but they do occur. In the PREMOS study,[@b97-sar-6-001],[@b117-sar-6-001] for example, psychotic disorders were diagnosed in the long-term course in 4.9% of the patients compared to about 1% usually found in the general population. Hardly any research has been performed on this topic.

In principle, antipsychotics can be combined with substitution drugs of the BUP type, although possible pharmacological interactions must be considered. Schmauss et al[@b169-sar-6-001] presumed that BUP would have antipsychotic effects, and consequently studied its effects in ten neuroleptic-free schizophrenia patients with hallucinations and delusions. The 4-day, double-blind, place-controlled, cross-over study (0.2 mg BUP versus placebo) found a pronounced antipsychotic effect of BUP.

Gerra et al[@b170-sar-6-001] reported the results of a 12-week prospective observational study in substitution patients who received either olanzapine or haloperidol. Both the rate of negative urine analyses and the retention rate were better with olanzapine. The authors attributed the relative inactivity of "typical" neuroleptics to their "counterproductive" effects on the dopamine reward system in the brain and the induction of extrapyramidal symptoms and dysphoria. In contrast, an analysis of a larger comparative study in Australia of opiate-dependent patients on BUP or methadone found no difference between the groups in the effects on depressive symptoms.

Overall, there is still a considerable need for clinical research on the optimal treatment of comorbid mental illnesses in opiate-dependent patients under substitution treatment. Nevertheless, some findings verify the efficacy of BUP, in particular in depressed opiate-dependent patients.

Discussion and conclusion
=========================

Numerous studies prove the efficacy of BUP and BUP/NLX in maintenance therapy of opioid dependence. Comparisons with methadone are difficult to perform in such a heterogeneous population as opioid-dependent patients, but they appear to indicate that BUP is equally effective in reducing opioid use; the retention rate seems to be somewhat lower with BUP, but the long-term mortality risk may also be lower. Both drugs are first-line medications for the treatment of opioid dependence. Differences in their side-effect profiles and pharmacological interactions may facilitate the choice of drug. Apart from novel formulations, future studies may focus in particular on the effects of BUP on psychiatric aspects or psychiatric comorbidity in opioid-dependent patients.
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###### 

Available agents for maintenance treatment of opioid dependence

  ----------------------------------------------------------------------------
  **Full agonists**
  Methadone
  Levo-acetyl-alpha-methadol (LAAM[a](#tfn1-sar-6-001){ref-type="table-fn"})
  Morphine sulfate
  Heroin
  **Partial agonists**
  Buprenorphine
  Buprenorphine/naloxone
  Buprenorphine film
  Buprenorphine depot, implant
  **Antagonists**
  Naloxone[b](#tfn2-sar-6-001){ref-type="table-fn"}
  Naltrexone
  Depot naltrexone
  ----------------------------------------------------------------------------

**Notes:**
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